The role of orotic acid in bacterial pyrimidine biosynthesis has been studied by several groups of investigators (Wright et al., 1950a; Cohen, 1951; Lieberman and Kornberg, 1953) . Wright et al. (1950b Wright et al. ( , 1951 have shown that ureidosuccinic acid will replace partially the orotic acid requirement of Lactobacillus bulgaricus, strain 09. Back and Woods (1953) reported that a uracil requiring strain of Escherichia coli (B. coli) also wiRl utilize ureidosuccinic acid for growth.
In this study, several types of pyrimidine auxotrophs of Aerobacter aerogenes have been produced. These mutants appear to be blocked at different points in the reaction sequence of pyrimidine biosynthesis. MATERIALS (Lederberg and Zinder, 1948; Davis, 1948) , and the pyrimidine requiring mutants were detected by replica plating (Lederberg and Lederberg, 1952) .
The minimal medium was prepared according to the formula of Davis and Mingioli (1950) .
When supplemented with oxalacetate or pyruvate, the medium was sterilized by filtration through a sintered glass filter. All other supplements were added to the minimal medium and sterilized in the autoclave.
In order to determine the growth response of Oxalacetate was prepared according to a modification of the method described by Krampitz and Werkman (1941) . Oxalacetate concentration was determined manometrically according to the method of Krebs and Eggleston (1945) . Ureidosuccinate was synthesized according to the method of Nye and Mitchell (1947) . The ureidoglutarate used also was prepared in this laboratory. All other chemicals used were commercial products.
Chromatographic procedures. Whatman no. 1 filter paper was used for ascending chromatography. For separation of the compounds under study, a solvent consisting of n-butanol, glacial acetic acid, and water in a ratio of 4:1:1 by volume was used. The pyrimidine spots were located on the chromatograms by observation in a dark room with a Mineralight ultraviolet lamp, model SL 2537. The spots were marked with pencil, cut into small pieces, eluted, and the absorption curves of the resultant solutions were studied in a Beckman DU spectrophotometer.
A correction factor for the filter paper was used.
RESULTS
Several distinct groups of pyrimidine mutants have been produced which require uacil or cytosine for growth. The four types of uracil mutants respond almost identically to uracil, cytosine, and the corresponding nucleosides and nucleotides. Response to uracil or cytosine is about equal in all cases. However, growth is better in the presence of equimolar concentrations of the nucleosides or nucleotides than with the corresponding free bases. These results are in agreement with observations made with other organisms (Loring and Pierce, 1944; Hammersten et al., 1949 Hammersten et al., , 1950 (Wright, 1951) .
Paper chromatography was used to detect the conversion of possible pyrimidine precursors to pyrimidine bases by growing cultures. The organisms were grown on a minimal medium supplemented with various compounds. After growth, the cells were removed by centrifugation, and chromatographic studies of the supernatant were made.
Uridine and uridylic acid completely disappeared after the wild type or mutant organisms had grown 18 hours in a medium supplemented with 100 pg per ml uridine or 100 pAg per ml uridylic acid. About 50 ug per ml uracil accumulated in the supernatant in all cases.
The wild type organism when grown on minimal medium containing 100 pAg per ml cytosine accumulates 70 to 80 pug per ml uracil in the supernatant (Shapiro et al., 1953 (Shapiro et al., 1953) and by mutants of types B, C, and D. The type A mutants, when streaked adjacent to orotic acid mutants on minimal medium supplemented with 100 ,ug orotic acid per ml, show a definite growth response on the side of the streak near the orotic acid mutants. Apparently this is due to excreted uracil. No syntrophism has been observed among the uracil mutants.
Growing cultures of the wild type as well as the mutant organisms of types C and D convert ureidosuccinic acid to orotic acid and uracil. When grown in a medium containing 100 pg ureidosuccinic acid per ml, the wild type organisms accumulate at least 2.5 ,ug orotic acid per ml and 3.5 ug uracil per ml.
When grown in media supplemented with 100 ,ug aspartic acid per ml, both the (Mitchell and Houlahan, 1947; Buchanan and Wilson, 1953) . Aspartate also has been postulated as a probable elementary precursor (Mitchell and Houlahan, 1947; Lagerkvist et al., 1951 It is interesting to note that the type D mutants utilize orotate almost as well as uracil. These organisms utilize orotate and ureidosuccinate better than the type C mutants. Similarly, the type C mutants respond better to orotate than the type B mutants. Thus, it appears that an organism blocked at any given point utilizes precursors beyond that block with an inereasing facility. Wright and Miller (1952) reported that uradil will replace the orotic acid requirement of Lacobacillus bulgaricue, strain 09, only after a prolonged incubation. This observation is difficult to reconcile with the results reported here with Aerobacter aerogene8 since ucil elicits a greater response than orotate or any of the other postulated precursors. The response of the mutants to any precursor before uracil occurs after a lag of 16 to 20 hours, while growth on uracil usually is initiated between 6 to 8 hours. These observations are similar to those of Back and Woods (1953) 
